A working edition of the table of lunar mansions by Ibn al-Raqq×m in his Sh×mil Z÷j, is used as the basis for an analysis of two cases of the use of lunar mansions for the purpose of timekeeping. One of them corresponds to alJudh×m÷ (an Andalusian author of the end of the 12 th c. and beginning of the 13 th c.) who uses the mediation of mansions to establish the beginning of dawn and obtains excellent results. The second author is the well-known Moroccan muwaqqit al-J×dir÷ (1375-c. 1416) whose data on the lunar mansions are also analysed.
Lunar mansions in al-Andalus
Lunar mansions (manzil pl. man×zil) are a set of 28 stars or groups of stars which mark the position of the Moon throughout the lunar sidereal month. The moon stays (yanzil) in each one of them every night of the month and they have, therefore, an obvious application in the construction of calendars. They were used, in Andalus÷ sources, for magical purposes from the 10 th century onwards, as we can see in the Gh×yat al-¬ak÷m/ Picatrix, 1 the author of which was probably Abý l-Q×sim Maslama b. Q×sim al-QurÐub÷ (d. 353/964), not to be confused with the astronomer and mathematician Maslama b. A¬mad al-Majr÷Ð÷ (338/950-c.398/1007) 2 . His contemporary Ibn al-©×tim had a similar objective in his short work on the making of talismans subject to the influence of the lunar mansions.
3 This kind of intellectual activity seems to have been undertaken under the caliphate of þAbd al-Ra¬m×n III al-N×½ir (r. 912-961), a period characterised by a renewal of orthodoxy during which "scientific" astrology almost disappeared or lived a hidden existence. It was probably during this period that the Arabic sources of the Alchandreana collection of Latin texts, compiled in Catalonia towards the end of the 10 th c, were written. The Alchandreana often used the lunar mansions for astrological predictions based on very simple methods that had little relation with astronomical techniques. 4 A different tradition appears in the context of anw×' literature, where the lunar mansions are used for purposes related to timekeeping and other applications of m÷q×t (a specialised kind of astronomy related to the problems posed by Islamic worship). In the first half of the 9 th c. the Andalus÷ polymath þAbd al-Malik ibn ©ab÷b (d. ca. 238/ 852-53) transmitted a short text on folk astronomy by Malik ibn which has no title in the only extant manuscript, but which is often mentioned as Kit×b f÷ l-nujým 5 . In it Ibn ©ab÷b describes the procedure to determine the hour during the night by observing the lunar mansion that crosses the meridian at a given hour and calculating the number of mansions that have culminated since sunset. As the total number of mansions amounts to 28, he considers that there are always 14 mansions above the horizon and 14 below it. Therefore, each new mansion that crosses the meridian is assumed to imply that half a seventh of the night has elapsed. The same technique is used, about one century later (ca. 950), by Q×sim ibn MuÐarrif al-QaÐÐ×n in his Kit×b al-hay'a who mentions the use of an instrument (called al-d×'ira, the circle), 6 also described, towards the end of the 12 th c., by Abý þAl÷ al-©asan ibn þAl÷ ibn ©asan al-Umaw÷ al-QurÐub÷ (d. 1205-1206) : it consists of a circle divided into 12 hours and a second, movable, circle where the lunar mansions and the zodiacal signs are represented. One places the mansion or the sign of the sun at the end of the semicircle, in the western point of the horizon. The opposite mansion will be the one rising at sunset and it will indicate the hour through its motion across the celestial vault.
7 Another twelfth-century author who describes a similar method to determine the hour during the night using the lunar mansions is the philologist Ibn Hish×m al- Lakhm÷ (d. 577/ 1181-82) 21 There is an error of 1' in al-Marr×kush÷'s text in which the longitude is given as 16;33º. My correction is based in the longitude of the star for the beginning of the Hijra (129;7º) to which one should add the calculated iqb×l (precession) which is 7;25º, according to the author, for year 473. 22 Actually, according to Ibn al-Zarq×lluh's treatise on the motion of the fixed stars (see J.M. Millás Vallicrosa, Estudios sobre Azarquiel, Madrid-Granada, 1943-50, p. 296 ) the observation was made in 467/1074-75) and the result obtained was between Leo 16;30º and Leo 16;40º.
of the coincidence of the dates, al-Marr×kush÷'s star tables do not seem to have anything in common with Ibn al-Raqq×m's table. In its most complete version (MS. Rabat Khiz×na þ ¶mma 260, pp. 100-103) it contains a list of 120 stars, giving, for each one of them, its longitude, latitude, magnitude, mediation, declination, degree of the ecliptic with which it rises and sets, half the day arc and meridian altitude for the latitude of Tunis (36;37º). Only the declination values can be directly compared with those of al-Marr×kush÷ and they are definitely not the same.
As for the Sh×mil, extant in a unique MS preserved in Istanbul (Kandilli 249), 23 it was compiled in Bij×ya in 679/1279-80, according to the introduction, and it contains a table of the lunar mansions 24 dated in the MS in 887 (sic, a mistake for 687/1288-89?). 25 The longitudes of the 70 stars mentioned have an increase of 16;50º on those of the Almagest. 26 It is possible to imagine that 679 (written in words in the introduction) could also be an error for 689/ 1290. This is the only table of lunar mansions I am aware of in the Andalus÷, or related to Andalus÷, tradition. This is why I am editing it here and making a few comparisons with the star tables in the Mustawf÷ (MS Rabat Khiz×na þ ¶mma 1461 p. 288) and the Qaw÷m (MS. Rabat Kh. þ ¶. 260 pp. 100-103). I will use it in the rest of the paper, in which I try to analyse methods of timekeeping, based on the lunar mansions, which are more precise than the ones mentioned above, mainly in the anw×' tradition. I have numbered the mansions as well as the 69 stars with coordinates appearing in Ibn alRaqq×m's table. Sh and J are shortenings for shim×l÷ (northern, +) and janýb÷ (southern, -). Frankfurt, 1987, p. 311. 30 The author states, for example, that he has dealt, elsewhere, with the lunar mansions that rise or set in the moment of the beginning of dawn.
Jadwal li-maþrifat kaw×kib al-man×zil al-mar½ýda li
31 Al-s×miþýn in the MS. The editor makes an emendation and reads al-s×biqýn (the predecessors), a correction that does not make much sense.
In agreement with the school of those who make observations and study these problems (þal× madhhab al-ar½×d wa l-naÞar) and following the opinions of the best scholars I have followed the brilliant ones (al-nayyir×t) and not taken into consideration a star of reduced light (manqý½) when it is together with a perfect one (k×mil) I have used the most brilliant [star] of each mansion (dh× l-ishr×q min kull manzil) and omitted a star which is more obscure and has a weak light When they were equivalent in their light I caught one without allowing it to escape the net of the hunter With what I have gathered you will obtain the truth adding to it what I said about the rising (Ð×liþ×t) mansions And what I also said previously about the setting ones (gh×rib×t). This will become obvious for those who make an effort It is necessary to know the latitude of the city for which the computation has been made, without any deviation It amounts to thirty degrees plus seven and a half, based on a secure calculation without any uncertainty I am showing here the truth, as I know it and I pray to the Merciful to preserve me of vain things.
The rest of the poem gives the date in which the lunar mansions cross the meridian.
In order to check the approximate validity of the method, the first problem is to establish which one of the stars of each mansion the author means when he states that this mansion is mediating at the moment of the beginning of dawn in a particular date of the solar year. Al-Judh×m÷ gives the theoretical solution in the three aforementioned verses when he says:
I have followed the brilliant ones (al-nayyir×t) and not taken into consideration a star of reduced light (manqý½) when it is together with a perfect one (k×mil) I have used the most brilliant of each mansion (dh× l-ishr×q min kull manzil) and omitted a star which is more obscure and has a weak light When they were equivalent in their light I caught one without allowing it to escape the net of the hunter The problem is, however that, out of the 28 lunar mansions, we can use this kind of criterion only in approximately half of them: 7 lunar mansions have only one star (Dabar×n, Haqþa, Nathra, ¼arfa, al-Sim×k, al-Qalb and alRish×') while in other 8 (BuÐayn, Thurayy×, Hanþa, Jabha, Shawla, Balda, Saþd Bulaþ and Saþd al-Suþýd) there is at least an additional star greater than the relatively faint star which in all strictness marks the beginning of the mansion. This is not the case in the remaining thirteen mansions (NaÐ¬, Dhir×þ, AEarfa, Zubra, þAww×', Ghafr, Zub×n×, Ikl÷l, Naþ×'im, Saþd alDh×bi¬, Saþd al-Akhbiya, al-Fargh al-Muqaddam and al-Fargh alMu'akhar).
For that reason I have decided (see Table 2 ) to calculate the hour of the beginning of dawn (H1), counted from midnight when each star of the 69 mentioned in Ibn al-Raqq×m's table of lunar mansions ( Table 1 ) crosses midheaven. I have used Ibn al-Raqq×m's table as a starting point, even though it is later (probably 687/1288-89) than al-Judh×m÷'s poem.
In Table 2 we have: -(1) The date of the solar year given by al-Judh×m÷ -(2) The number and name of the lunar mansion -(3) The identification and magnitude of each of the 69 stars: n indicates a nebula. ) of each star. It has been calculated using the following expressions: δ = asin (sin β cos ε + cos β sin ε sin λ) α 0 = acos (cos β cos λ / cos δ) m = atan (tan α 0 / cos ε) where δ is the star declination β is the star latitude as it appears in Ibn al-Raqq×m's table 1 ε is 23;32,40º, the value used by Ibn al-Raqq×m λ is the star longitude in column (4) of Table 2 α 0 is the right ascension of the star m is the mediation of the star.
-(6) The solar longitudes for the corresponding dates of years 1200-1201 have been calculated with a computer program based on the parameters of the Toledan Tables, 33 which is a z÷j likely to have been used towards the beginning of the 13 th c. -(7) H1 is the hour (from midnight) at which the corresponding star of columns (3) and (4) is crossing the meridian. One of the alternatives in John North's program HOROSC 34 has been used for the computation of this hour. The calculation uses the longitude of midheaven (5), the local latitude (37;30º) and the longitude of the Sun (6).
- (8) H2 is the hour (from midnight) of the beginning of dawn (assuming it corresponds to the hour in which the Sun reaches an altitude of -18º). -(9) Δ(H2) = H1-H2 -(10) H3 is the hour (from midnight) of the beginning of dawn (assuming it corresponds to the moment in which the Sun reaches an altitude of -17º).
Med, H2 and H3 have been calculated with Benno van Dalen's computer program Table Analysis (specifically with the subprogram  Table calculator An analysis of the results obtained with Table 3 leads me to the following conclusions:
Al-Judh×m÷ seems to be using a negative altitude of the Sun of -17º. The results obtained are much better than when we use -18º. The parameter -17º was also used to calculate the data related to the length of dawn in the Calendar of Cordova 35 , although the standard value in al-Andalus was -18º and Ibn Muþ×dh al-Jayy×n÷ (b. 989) used -19º 36 . The results obtained are surprisingly good in a source which corresponds to the tradition of folk astronomy and for which we know neither the precise date nor the astronomical tables used. I have marked with an asterisk the star giving the best results and it is easy to see that, in most cases, this star is the one with greater magnitude. There are three exceptions, however, which correspond to mansions 20 (al-Naþ×'im), 21 (al-Balda) and 24 (Saþd al-Suþýd) . A statistic based on column (11) shows the following list of errors in which only the stars marked with an asterisk have been considered: 0 minutes in 3 cases ± 1 min. in 3 cases ± 2 min. in 3 cases ± 3 min. in 6 cases ± 4 min. in 2 cases ± 5 min. in 1 case 35 See J. Samsó, "Sobre los materiales astronómicos en el "Calendario de Córdoba" y en su versión latina del siglo XIII", in J. Vernet (ed.), Nuevos Estudios sobre Astronomía Española en el Siglo de Alfonso X. Barcelona, 1983, pp. 125-138 (especially pp. 131-135 Table 2 Madrid, 1992, pp. 183-196. 42 Ahmad Alkuwayfi and Mònica Rius, "Descripción del manuscrito 80 de al-Z×wiya al©amzaw÷ya". Al-QanÐara 19 (1998), 445-463 (see especially pp. 454-455) . Mustawf÷ Z÷j. In any case, it seems clear that al-J×dir÷ bases his computations on a z÷j which, like the three z÷jes of Ibn al-Raqq×m, uses the parameters of Ibn Is¬×q. We can check this by comparing the solar longitudes for the beginning of each solar month mentioned by al-J×dir÷ in the Tanb÷h with the recomputations made with a computer program based on the parameters of Ibn Is¬×q. 44 The year used is 1393 and, as the program gives sidereal longitudes, I have increased them by 11;1º, due to the fact that Ibn alRaqq×m uses a constant of precession of 9;26º 45 , to which I have added 1;35º which corresponds, approximately, to the increase in precession of 1º/66 years, the constant used by al-J×zir÷. In table 3 we can see the results which reach a maximum error of 1º, which is acceptable given the kind of source involved (see Table 3 ).
A second check can be made with the values of the declinations of eight lunar mansions given by al-J×dir÷ himself in the RawÅa. These values have been recomputed with the same expression used above in 3: δ = asin (sin β cos ε + cos β sin ε sin λ)
My starting point has been Ibn al-Raqq×m's table of lunar mansions with the star longitudes increased by 1;35º and the same stellar latitudes. The results can be seen in Table 4 in which we have 1) the number and name of the lunar mansion, 2) the value of the declination given by al-J×zir÷, 3) the identification of the star with the number given for each one of them in Table  1 , and 4) the recomputed value of the declination for each star. The stars which give reasonable results are marked with an asterisk. These are generally fairly good with the only exception of mansion 4 (al-Dabar×n) in which the 15;30º given by al-J×zir÷ in abjad notation (yh.l) is probably an error for 25;30º (kh.l). (See Table 4 ) Finally, Table 5 is an attempt to check al-J×dir÷'s values for the entrance of the Sun in the lunar mansions, as quoted in the Tanb÷h, as well as his values for the mediation of each lunar mansion in the RawÅa. Column (1) gives the corresponding date of the solar year in the Tanb÷h; (2) the number 44 Again, the skeleton of the program was designed by Prof. E.S. Kennedy and, later, revised by Drs Honorino Mielgo and Josep Casulleras. My gratitude to all of them. 45 Montse Díaz Fajardo, La teoría de la trepidación en un astrónomo marroquí del siglo XV. Estudio y edición crítica del Kit×b al-adw×r f÷ tasy÷r al anw×r (parte primera) de Abý þAbd All×h al-Baqq×r. Barcelona, 2001, pp. 55-57. and name of the lunar mansion in which the Sun enters in the aforementioned date; (3) identifies the stars in each mansion and uses, once more, the corresponding number in Ibn al-Raqq×m's table of mansions; (4) gives the longitude of each star using Ibn al-Raqq×m's longitudes increased in 1;35º; (5) is the solar longitude for the dates of column (1) of year 1393; (6) contains the values for the mediation of each mansion given by al-J×dir÷ in the RawÅa; (7) gives the recomputed values of the mediation of each star in (3) calculated using the same expressions as in 3: δ = asin (sin β cos ε + cos β sin ε sin λ) α 0 = acos (cos β cos λ / cos δ) m = atan (tan α 0 / cos ε) These values have, again, been calculated using Benno van Dalen's program Table Analysis . I have also added, in columns (6) and (7) those mansions (27-28, 1-5) for which I have no information about the entrance of the Sun, due to the incompleteness of the ©amzawiyya MS, but whose mediation is given in the RawÅa.
The best results in each case (coincidence of the solar longitude with the longitude of the star and agreement between the values of the mediation given by al-J×dir÷ with the recomputed ones) are marked with an asterisk. This gives us a clue for determining the actual stars used by al-J×dir÷ to identify the lunar mansions, although in one case (mansion 25) the best result in column (4) does not agree with column (7). In other cases (see mansions 26, 11, 12, 16 ) the star longitude does not coincide with the longitude of the Sun while we do find a star with a mediation agreeing with the one in al-J×dir÷. Total disagreement in both columns is found in mansions 9, 15, 17 and 21. (See Table 5 )
Conclusions
In these pages I have tried to study two cases of the use of the lunar mansions for the purpose of timekeeping: one of them corresponds to an otherwise unknown Andalus÷ author of the end of the 12 th and beginning of the 13 th c. who uses the mediation of the mansions to establish the beginning of dawn and obtains results which are surprisingly good. He seems also to have studied the mansions rising or setting at this moment, although his work on the topic does not seem to be extant. The case is highly uncommon in an Andalus÷ context in which our knowledge of m÷q×t is usually restricted to the information we can gather from the anw×' literature based on accurate astronomical sources (the case of the Calendar of Cordova, for example) or on a tradition of folk astronomy (Ibn ©ab÷b). This is why al-Judh×m÷'s verses acquire a certain interest for the development of Andalus÷ astronomy.
The second instance is far more common. We know of the existence of an important m÷q×t tradition in the medieval Maghrib and one of the most important authors is precisely al-J×dir÷, whose study has only begun with the aforementioned paper by Emilia Calvo on the IqtiÐ×f al-anw×r. The remaining sources are practically unexplored and we have only an important study by Mònica Rius on the problem of the qibla in which she underlines the quantity of Maghrib÷ sources in comparison to the scarcity of the Andalus÷ ones. 46 All this in spite of the fact that the figure of the Andalus÷ professional muwaqqit appeared in Granada in the 14 th c. To the two aforementioned topics I have added a working edition of Ibn al-Raqq×m's table of lunar mansions preserved in the Sh×mil Z÷j. This gave me a starting point in an attempt to establish which stars, in each lunar mansion, were used by both al-Judh×m÷ and al-J×dir÷ for their computations of the star mediating at the beginning of dawn or occupied by the Sun at a given date in the solar year. Such a use could probably be considered abusive in the case of al-Judh×m÷ (although I have tried to correct the stellar longitudes to adapt them to the beginning of the 13 th c.) but I believe that it is correct for al-J×dir÷ who, no doubt, uses one of Ibn al-Raqq×m's z÷jes (or another one belonging to the tradition of Ibn Is¬×q) to calculate the position of the Sun as well as of the other celestial bodies. Table 5 
